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(57) ABSTRACT 

Amethod for fabricating a semiconductor device capable of 
preventing an inter-layer insulation layer from being dam 
aged during a Wet cleaning process. The method includes the 
steps of: forming a plurality of conductive structures on a 
substrate; forming an etch stop layer and a ?oWable insu 
lation layer on the plurality of conductive structures subse 
quently; forming a photoresist pattern on the ?oWable insu 
lation layer; forming a plurality of contact holes by etching 
the ?oWable insulation layer With use of the photoresist 
pattern as an etch mask, thereby exposing portions of the 
etch stop layer; forming at least one barrier layer on the 
contact holes; removing said at least one barrier layer and 
the etch stop layer disposed at each bottom portion of the 
contact holes to thereby expose the substrate; and cleaning 
the contact holes. 

18 Claims, 7 Drawing Sheets 
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METHOD FOR FABRICATING 
SEMICONDUCTOR DEVICE CAPABLE OF 

PREVENTING DAMAGE BY WET 
CLEANING PROCESS 

FIELD OF THE INVENTION 

The present invention relates to a method for fabricating 
a semiconductor device; and, more particularly to, a method 
for fabricating a semiconductor device With use of a self 
aligned contact process. 

DESCRIPTION OF RELATED ARTS 

A trend in a large-scale of integration has brought a need 
of forming semiconductor devices densely Within a con?ned 
cell region. Thus, siZes of unit devices of a semiconductor 
device, for instance, transistors and capacitors, have been 
gradually decreased. Particularly, in a dynamic random 
access memory (DRAM) device, siZes of the unit devices 
formed Within a cell region have been decreased as the 
design rule has been shifted toWards minimiZation. For 
instance, DRAM devices are currently formed to have a 
minimum lineWidth less than 0.1 pm and are often required 
to have a lineWidth less than 80 nm. Hence, there exist many 
dif?culties in applying conventional fabrication methods. 

In case of applying a photolithography using a light 
source of ArF having a Wavelength of 193 nm to a semi 
conductor device having a lineWidth less than 80 nm, it is 
necessary to develop an additional recipe for preventing a 
photoresist deformation created during an etching process 
employed for the purposes of forming a pattern precisely 
and a vertical etch pro?le. 

MeanWhile, advancement in an integration level of a 
semiconductor device has led device elements to be formed 
in stacks. Acontact plug or a pad is one example of the stack 
structure. 

For the contact plug, a landing plug contact (LPC) is 
commonly used since the LPC has a bottom portion Which 
makes a Wide contact Within a minimum area and a top 
portion Which is Wider than the bottom portion for increas 
ing a contact margin. 
A self-aligned contact (SAC) etching process is required 

to form a LPC. The SAC etching process is a method of 
forming a contact by carrying out an etching process along 
a bottom structure having a speci?c etch selectivity ratio. 
Generally, the SAC etching process uses an etch selectivity 
ratio betWeen nitride and oxide. 

Recent trends in large-scale of integration and minimiZa 
tion of the design rule cause the distance betWeen conduc 
tive patterns such as gate electrodes to decrease, but a 
thickness of a conductive pattern conversely increases. As a 
result, an aspect ratio representing a ratio of a height of a 
conductive pattern to a Width of the conductive pattern has 
been gradually augmented. 

Therefore, it is required to develop a method for ?lling 
empty spaces generated betWeen the conductive patterns 
With a high aspect ratio. For instance, borophosphosilicate 
glass (BPSG) is employed for such purpose since BPSG has 
an excellent gap-?lling property. HoWever, since BPSG 
requires a high thermal ?oW process proceeding at a tem 
perature greater than 800° C., there arises a problem that the 
BPSG is diffused into lateral sides. 

One developing method for resolving the above problem 
is a ?oW?ll process Which employs a ?oWable insulation 
layer. Examples of the ?oWable insulation layer are an 
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2 
advanced planariZation layer (APL) and a spin on glass 
(SOD) layer, Which is also called a spin on dielectric (SOD) 
layer. 

For the SOG layer, it is essential to densify the SOG layer 
through a curing process at a temperature ranging from 600° 
C. to 700° C. HoWever, a bottom part of the SOG layer is not 
suf?ciently densi?ed, thereby being susceptible to a Wet 
cleaning process performed after a contact formation pro 
cess. 

This problem Will be described in detail With reference to 
the accompanying draWings. 

FIGS. 1A and 1B are pictures of scanning electron 
microscopy (SEM) in a cross-sectional vieW for comparing 
a conventional BPSG layer With a conventional SOG layer 
each obtained after a SAC etching process. 

Particularly, FIG. 1A is a cross-sectional vieW of the 
BPSG layer formed as a ?rst inter-layer insulation layer 
ILDl, While FIG. 1B is a cross-sectional vieW of the SOG 
layer formed as a second inter-layer insulation layer ILD2. 
Also, FIGS. 1A and 1B respectively shoW contact holes C1 
and C2 formed after the SAC etching process. 

FIGS. 2A and 2B are pictures of SEM in a cross-sectional 
vieW for comparing a conventional BPSG layer With a 
conventional SOG layer after a Wet cleaning process per 
formed after a SAC etching process. 

Particularly, FIG. 2A is a cross-sectional vieW shoWing 
the conventional BPSG layer taken along a line A—A‘ of FIG. 
1A. As shoWn, there are not observed damages in the BPSG 
layer, Which is a ?rst inter-layer insulation layer ILDl, 
during the Wet cleaning process using buffered oxide etchant 
(BOE) solution. Herein, the Wet cleaning process is folloWed 
by the SAC etching process in order to secure a critical 
dimension (CD) of a bottom area of a contact and remove 
etch remnants. 

FIG. 2B is a cross-sectional vieW shoWing the conven 
tional SOG layer taken along a direction of a line B—B‘ of 
FIG. 1B. As shoWn, a bottom portion of a second inter-layer 
insulation layer ILD2, i.e., the SOG layer, Which is partially 
cured, is easily damaged during the Wet cleaning process 
since the bottom portion is not sufficiently densi?ed. The 
reference denotation A expresses the damage created during 
the Wet cleaning process. HoWever, a top portion of the SOG 
layer is almost intact. A thickness T of the SOG layer that 
can be completely cured is 4,000 

FIGS. 3A and 3B are pictures of SEM in a top vieW for 
comparing a conventional BPSG layer With a conventional 
SOG layer obtained after a plug formation process. 

Particularly, FIG. 3A is a cross-sectional vieW shoWing 
the conventional BPSG layer used as a ?rst inter-layer 
insulation layer ILD1.Aconductive layer, e.g., a polysilicon 
layer, is deposited on a substrate structure including a 
contact hole formed by etching the inter-layer insulation 
layer ILDl and is subsequently subjected to a chemical 
mechanical polishing (CMP) process. From this CMP pro 
cess, a plurality of plugs P1 is formed. In case of employing 
the BPSG layer as the ?rst inter-layer insulation layer ILDl, 
there are not problems of an electric short betWeen the plugs 
P1 and degradation of an insulation property since the ?rst 
inter-layer insulation layer ILDl is not affected by a Wet 
cleaning process. 

FIG. 3B is a cross-sectional vieW shoWing the conven 
tional SOG layer used as a second inter-layer insulation 
layer ILD2. As shoWn, a bottom portion of the second 
inter-layer insulation layer ILD2, i.e., the SOG layer, is 
damaged by a Wet cleaning process, and this damaged 
portion of the bottom portion of the second inter-layer 
insulation layer ILD2 deteriorates an insulation property of 
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the second inter-layer insulation layer ILD2 disposed 
between plugs P2. There may be a problem of an electric 
short betWeen the plugs P2 if this damage becomes more 
severe. 

Therefore, it is necessary to develop a method for pre 
venting an inter-layer insulation layer, e.g., the SOG layer, 
from being damaged by a Wet cleaning process since there 
is generated a difference in density caused by a limitation in 
curing the SOG layer up to a certain thickness. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a method for fabricating a semiconductor device 
capable of preventing an inter-layer insulation layer from 
being damaged during a Wet cleaning process due to a 
difference in density created by reliance on a thickness of the 
SOG layer subjected to a curing process. 

In accordance With one aspect of the present invention, 
there is provided a method for fabricating a semiconductor 
device, including the steps of: forming a plurality of con 
ductive structures on a substrate; forming an etch stop layer 
and a ?oWable insulation layer on the plurality of conductive 
structures subsequently; forming a photoresist pattern on the 
?oWable insulation layer; forming a plurality of contact 
holes by etching the ?oWable insulation layer With use of the 
photoresist pattern as an etch mask, thereby eXposing por 
tions of the etch stop layer; forming at least one barrier layer 
on the contact holes; removing said at least one barrier layer 
and the etch stop layer disposed at each bottom portion of 
the contact holes to thereby eXpose the substrate; and 
cleaning the contact holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
invention Will become better understood With respect to the 
folloWing description of the preferred embodiments given in 
conjunction With the accompanying draWings, in Which: 

FIG. 1A is a picture of scanning electron microscopy 
(SEM) shoWing a cross-sectional vieW of a conventional 
borophosphosilicate glass (BPSG) layer obtained after a 
self-aligned contact (SAC) etching process; 

FIG. 1B is a picture of SEM shoWing a cross-sectional 
vieW of a conventional spin on glass (SOG) layer obtained 
after a SAC etching process; 

FIG. 2A is a picture of SEM shoWing a cross-sectional 
vieW of a conventional BPSG layer obtained after a SAC 
etching process and a Wet cleaning process; 

FIG. 2B is a picture of SEM shoWing a cross-sectional 
vieW of a conventional SOG layer obtained after a SAC 
etching process and a Wet cleaning process; 

FIG. 3A is a picture of SEM shoWing a cross-sectional 
vieW of a conventional BPSG layer obtained after a plug 
formation process; 

FIG. 3B is a picture of SEM shoWing a cross-sectional 
vieW of a conventional SOG layer obtained after a plug 
formation process; 

FIG. 4 is a diagram shoWing a layout of a semiconductor 
device obtained after a SAC etching process for forming a 
landing plug contact in accordance With a preferred embodi 
ment of the present invention; and 

FIGS. 5A to 5E are cross-sectional vieWs illustrating a 
method for forming a semiconductor device in accordance 
With a preferred embodiment of the present invention. 
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4 
DETAILED DESCRIPTION OF THE 

INVENTION 

Hereinafter, a method for fabricating a semiconductor 
device capable of preventing damage by a Wet cleaning 
process in accordance With a preferred embodiment of the 
present invention Will be described in detail With reference 
to the accompanying diagrams. 

FIG. 4 is a diagram shoWing a layout of a semiconductor 
device obtained after a self-aligned contact (SAC) etching 
process. 
As shoWn, a plurality of gate electrodes G1 to G5 are 

arranged a uniform distance apart. In a crossing direction to 
the gate structures G1 to G5, a plurality of T-type landing 
plugs LP1 to LP7 are formed by arranging a set of contact 
hole C1 to C17 in the form of T. Herein, the reference 
numerals from LP1 to LP7 represent a ?rst to a seventh 
landing plugs, respectively. Each of the ?rst to the seventh 
landing plugs LP1 to LP7 includes three contact holes. For 
instance, in the ?rst landing plug LP1, contact holes for 
storage node contacts are denoted as C1 and C4, While a 
contact for a bit line contact is denoted as C13. That is, 
reference denotations C1 to C12 represent contact holes for 
storage node contacts, While reference denotations C13 to 
C17 represent contact holes for bit line contacts. 

MeanWhile, although not illustrated, an inter-layer insu 
lation layer is formed on the gate structures G1 to G5 
disposed betWeen each tWo of the ?rst to the seventh landing 
plugs LP1 to LP7. 

Hereinafter, detailed description on a method for forming 
a semiconductor device Will be provided With reference to 
FIGS. 5A to SE showing cross-sectional vieWs of FIG. 4 
taken along a direction of a line A—A‘ and a line B—B‘. 

FIGS. 5A to SE are cross-sectional vieWs illustrating a 
method for fabricating a semiconductor device in accor 
dance With a preferred embodiment of the present invention. 
Although the preferred embodiment of the present invention 
exempli?es a contact hole for forming a landing plug 
contact, this contact hole can be employed in other methods 
for forming a metal Wire contact, a bit line contact or a 
storage node contact of a capacitor contacting to an impurity 
junction region such as a source/drain junction and for 
forming a contact pad. Also, the same reference denotations 
are used for the gate structures G1 to G5. 

Referring to FIG. 5A, a plurality of gate structures G2 to 
G5 are formed by stacking a gate hard mask 53, a gate 
conductive layer 52 and a gate insulation layer 51 on a 
substrate 50 provided With various device elements. 
The gate insulation layer 51 is made of an oXide-based 

material such as silicon dioXide. The gate conductive layer 
52 is made of a material selected from a group consisting of 
polysilicon, tungsten (W), tungsten nitride (WNx), tungsten 
silicide (WSix). Also, it is possible to form the gate conduc 
tive layer 52 by using a material combining these listed 
materials. 
The gate hard mask 53 serves to prevent the gate con 

ductive layer 52 from being damaged during a process for 
forming a contact hole by etching an inter-layer insulation 
layer, Which Will be subsequently formed. Thus, the gate 
hard mask 53 is made of a material having a speci?c etch 
selectivity With respect to the inter-layer insulation layer. For 
instance, if the inter-layer insulation layer is made of an 
oXide-based material, the gate hard mask 53 is made of a 
nitride-based material such as silicon nitride (SiN) or silicon 
oXynitride (SiON). If the inter-layer insulation layer is made 
of a polymer-based loW dielectric material, the gate hard 
mask 53 is made of an oXide-based material. 
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Although not illustrated, there are impurity diffusion 
regions such as source/drain junctions formed in the sub 
strate 50 disposed betWeen each tWo of the gate structures 
G2 to G5. 
More speci?c to the formation of the impurity diffusion 

regions, impurities are ?rst implanted into the substrate 50 
through an ion implantation process performed in alignment 
to the gate structures G2 to G5. A plurality of spacers are 
formed on sideWalls of the gate structure G2 to G5. Then, 
another ion implantation process is performed to form 
lightly doped drain (LDD) structures. Herein, more detailed 
descriptions on the respective ion-implantation processes for 
forming the LDD structures and the impurity diffusion 
regions and the spacer formation process are omitted. 

Next, an etch stop layer 54 is formed on an entire surface 
of the above resulting structure. Herein, the etch stop layer 
54 plays a role in preventing the substrate 50 from being 
damaged during a subsequent SAC etching process. At this 
time, it is preferable to form the etch stop layer 54 along a 
pro?le containing the gate structures G2 to G5. Also, the 
etch stop layer 54 is made of a nitride-based material such 
as silicon nitride or silicon oxynitride. 

HoWever, each of the gate structures G2 to G5 has a large 
aspect ratio, Whereby the gap-?ll property of a material to be 
formed betWeen the gate structures G2 to G5 becomes 
degraded. Therefore, a ?oWable insulation layer 55 is 
employed for improving the gap-?ll property of the material 
to be formed on the etch stop layer 54 betWeen the gate 
structures G2 to G5. The ?oWable insulation layer 55 can be 
a spin on glass (SOG) layer or an advanced planariZation 
layer 

In case the SOG layer is employed as the ?oWable 
insulation layer 55, a silaZane-based material having a 
molecular Weight ranging from approximately 1,000 amu to 
approximately 10,000 amu is typically used for the SOD 
layer. The silaZane has a structural formula of 
—(SiR1R2R3)n— and classi?ed into perhydropolysilaZane 
in Which functional groups of R1, R2 and R3 are all 
hydrogens and organic polysilaZane in Which functional 
group of R1, R2 and R3 are respective organic atom groups 
such an alkyl group having about 1 to 8 of carbons, an aryl 
group and an alcoxyl group. 

Also, a certain percentage by Weight of polysilaZane is 
contained in an organic solvent such as dibuthyl ether, 
toluene or xylene to be used as a coating material. Generally, 
SOG Which is commonly called polysilaZane can be appli 
cable to a high thermal treatment compared With siloxane 
based materials such as silicate and silsesquioxane. There 
fore, it is possible for the above mentioned SOG to be 
securely applied With a curing process and thus to improve 
a tolerance to a Wet etching/cleaning process. Also, manu 
facturing processes can be applicable more easily to the 
SOG layer than a hydrogen silsesquioxane (HSQ) layer. 
A thickness of the SOG layer can be controlled by 

changing a Weight ratio of solid dissolved in a solution of 
polysilaZane and a speed of a spinner used in the coating 
process. For instance, under control of rotation numbers of 
a spinner in several hundreds to several thousands rounds 
per minute, approximately 20% by Weight of solid polysi 
laZane in a solution of dibuthyl ether is coated until a 
thickness of approximately 5,000 A of the SOG layer is 
obtained. 

After the polysilaZane is coated, the solvent is removed 
through a bake process. The bake process can be one of a 
prebake process carrier out at a temperature ranging from 
approximately 80° C. to approximately 350° C., a hard bake 
carried out at a temperature around 4000 C., and a combi 
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6 
nation thereof. Also, the bake process makes xylene and 
other compositions such as nitrogen and hydrogen dis 
charged in a gaseous state from the SOG layer. 
A thermal treatment is performed at a temperature of 

approximately 700° C. for approximately 10 minutes to 
approximately 60 minutes to discharge other components, 
and then, a curing process for forming a silicon oxide layer 
is performed at a temperature ranging from approximately 
600° C. to approximately 700° C. for approximately 10 
minutes to one hour. Herein, the curing process proceeds in 
an oxidiZing atmosphere by supplying vapor to thereby 
make organic compositions of the coated polysilaZane and 
other compositions except for the silicon discharged and 
subsequently form the silicon oxide layer through supply of 
oxygen. This curing process is repeated at least more than 
one to tWo times. At this time, examples of an ambient gas 
are Water (H2O), oxygen (02), nitrogen (N2), hydrogen (H2) 
and dinitrogen oxide (N20) Which can be used singly or in 
combination. 

If the APL layer is used as the ?oWable insulation layer 
55, the APL layer is formed in three different steps. At this 
time, silane (SiH4) and hydrogen peroxide (H202) are used 
as source gases. 

In a ?rst step of forming the APL layer, a bottom part of 
a substrate structure is treated With a plasma in order to 
promote adhesiveness and How characteristics of the APL 
layer. At this time, this plasma treatment proceeds at a 
plasma enhanced chemical vapor deposition (PECVD) 
chamber With supply of N20 gas or N2 gas. Also, the 
PECVD chamber is maintained With a pressure of approxi 
mately 400 mTorr and a poWer of approximately 500 W. 

In a second step, the APL layer is deposited on the 
substrate structure based on gap-?lling and self-planariZa 
tion characteristics of the APL layer. This deposition process 
proceeds at a loW pressure (LP)-CVD chamber by using 
source gases of SiH4 and H202. These source gases react 
With each other to form the APL layer in Which a group of 
hydrogen is attached to silicon oxide. This reaction is shoWn 
as folloWs. 

In a third step, a furnace annealing process is performed 
in an atmosphere of SiH4, N20 and/or N2 to remove the 
group of hydrogen from the silicon oxide, thereby complet 
ing the APL layer formation. 

Referring to FIG. SE, a photoresist is coated on the above 
resulting structure by performing a spin coating method. 
Predetermined portions of the photoresist are selectively 
photo-exposed by employing a lithography device such as 
KrF, ArF or F2 device and a predecided reticle (not shoWn) 
for de?ning a Width of a contact hole. Thereafter, a devel 
oping process proceeds by making a photo-exposed portion 
or a non-photo-exposed portion remain, and a cleaning 
process is then performed to remove etch remnants. After the 
photo-exposure and the developing processes, a photoresist 
pattern 56 for forming a landing plug contact (LPC) is 
formed. 

Prior to forming the photoresist pattern 56, it is possible 
to form an anti-re?ective coating (ARC) layer over the 
?oWable insulation layer. The ARC layer serves to prevent 
formation of an undesired pattern caused by scattering 
re?ections occurring due to a high index of re?ection of the 
?oWable insulation layer and to improve adhesiveness of the 
photoresist pattern 56 With the ?oWable insulation layer. The 
ARC layer is made of an organic-based material having a 
similar etch characteristic With the photoresist pattern 56. 
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A hard mask can be also formed between the ?oWable 
insulation layer and the photoresist pattern 56 or betWeen the 
?oWable insulation layer and the ARC layer. At this time, the 
hard mask can be made of a material such as a nitride-based 
insulating material or a conducting material such as tungsten 
and polysilicon. 

Next, the ?oWable insulation layer is etched by perform 
ing a SAC etching process With use of the photoresist pattern 
56 as an etch mask, thereby obtaining a patterned ?oWable 
insulation layer 55A. From this SAC etching process, a 
plurality of contact holes 57 exposing predetermined por 
tions disposed betWeen each tWo of the gate structures G2 to 
G5 are formed. At this time, the patterned ?oWable insula 
tion layer 55A is obtained by employing a typical recipe for 
the SAC etching process. That is, such a gas as CF4, C4F6, 
C4F8, CHZF2 or C5F8 is mainly used along With an additional 
carrier gas such as He, Ne or Ar. After the SAC etching 
process, the photoresist pattern 56 is removed. 

Referring to FIG. 5C, a ?rst barrier layer 58 made of a 
nitride-based material and a second barrier layer 59 made of 
an oxide-based material are formed on the above resulting 
structure by employing a plasma enhanced chemical vapor 
deposition (PECVD) having a poor step coverage property. 
At this time, the ?rst barrier layer 58 and the second barrier 
layer 59 are deposited With a thinner thickness at bottom 
portions of the contact holes 57 than at top portions of the 
gate structures G2 to G5. Herein, the ?rst barrier layer 58 is 
formed to have a thickness ranging from approximately 20 
A to approximately 150 

Referring to FIG. 5D, the etch stop layer 54, the ?rst 
barrier layer 58 and the second barrier layer 59 shoWn in 
FIG. 5C are subjected to a blanket etch process Which 
continues until the impurity diffusion regions of the sub 
strate 50 are exposed betWeen each tWo of the gate structures 
G2 to G5. During the blanket etch process, portions of the 
etch stop layer 54 and the ?rst barrier layer 58 disposed at 
each bottom portion of the contact holes 57 are removed, 
thereby obtaining a remaining etch stop layer 54A and a 
remaining ?rst barrier layer 58A. 

Especially, portions of the remaining etch stop layer 54A 
and the remaining ?rst barrier layer 58A disposed at each 
sideWall of the gate structures G2 to G5 become spacers for 
the gate structures G2 to G5. Also, the second barrier layer 
remaining after the blanket etch process is denoted With a 
reference number 59A. 

Subsequent to the blanket etch process, a Wet cleaning 
process is performed by using a cleaning solution such as 
buffered oxide etchant (BOE) and ?uoric acid in order 
to remove etch remnants remaining after the SAC etching 
process and the blanket etch process and to secure a critical 
dimension (CD) of each bottom portion of the contact holes 
57. At this time, it is preferable to use a solution of HF 
diluted With Water in a ratio of approximately 50 to 500 parts 
of Water to approximately 1 part of HF. 

HoWever, since the remaining ?rst barrier layer 58A and 
the remaining second barrier layer 59A cover the sideWalls 
and a top portion of the patterned ?oWable insulation layer 
55A, the patterned ?oWable insulation layer 55A is not 
damaged during the above Wet cleaning process. 

Referring to FIG. SE, a conducting material for forming 
a plurality of plugs is completely ?lled into the contact holes 
57, and then, a chemical mechanical polishing (CMP) pro 
cess is performed until each gate hard mask 53 is exposed. 
After the CMP process, a plurality of plugs 60 are formed so 
as to be electrically connected to the respective impurity 
diffusion region. 
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8 
Prior to performing the CMP process, the conducting 

material for forming the plugs 60 is subjected to an etch 
back process for alleviating a difference in height betWeen 
device elements in a cell region and a peripheral circuit 
region, Whereby the CMP process can be easily applied. 
The conducting material is typically polysilicon, and such 

a barrier metal layer as titanium (Ti) and titanium nitride 
(TiN) can be possibly stacked thereon. It is also possible to 
employ tungsten as the conducting material. Recently, 
a selective epitaxial groWth (SEG) method is frequently used 
to form the plugs 60. 

In accordance With the preferred embodiment of the 
present invention, the SAC etching process is performed to 
the ?oWable inter-layer insulation layer made of the SOG 
layer or the APL layer is formed, and then, the etch stop 
layer is removed after the ?rst and the second barrier layers 
are formed by employing a deposition method providing a 
poor step coverage property such as PECVD. AfterWards, 
the Wet cleaning process proceeds to thereby complete the 
contact opening process. 

Based on the preferred embodiment of the present inven 
tion, it is possible to prevent the ?oWable inter-layer insu 
lation layer from being damaged during the Wet cleaning 
process by covering the sideWalls and the top portion of the 
?oWable inter-layer insulation layer With the ?rst and the 
second barrier layers. As a result, it is possible to minimiZe 
defect generations Which further improve yields of semi 
conductor devices. 

Although the preferred embodiment of the present inven 
tion exempli?es the SAC etching process With use of the 
T-type photoresist pattern, it is still possible to use line type 
or hole type photoresist patterns for the SAC etching pro 
cess. Also, in addition to the contact opening process 
betWeen the gate structures, the SAC etching process can be 
applied to a bit line opening process, i.e., a storage node 
contact hole formation process, and a via contact formation 
process. 

The present application contains subject matter related to 
the Korean patent application No. KR 2003-0068702, ?led 
in the Korean Patent Office on Oct. 2, 2003, the entire 
contents of Which being incorporated herein by reference. 

While the present invention has been described With 
respect to certain preferred embodiments, it Will be apparent 
to those skilled in the art that various changes and modi? 
cations may be made Without departing from the spirit and 
scope of the invention as de?ned in the folloWing claims. 

What is claimed is: 
1. A method for fabricating a semiconductor device, 

comprising the steps of: 
forming a plurality of conductive structures on a sub 

strate; 
forming an etch stop layer and a ?oWable insulation layer 

on the plurality of conductive structures; 
forming a photoresist pattern on the ?oWable insulation 

layer; 
forming a plurality of contact holes by etching the ?oW 

able insulation layer With use of the photoresist pattern 
as an etch mask, thereby exposing portions of the etch 
stop layer; 

forming at least one barrier layer on the contact holes; 
removing said at least one barrier layer and the etch stop 

layer disposed at each bottom portion of the contact 
holes to thereby expose the substrate; and 

cleaning the contact holes. 
2. The method of claim 1, Wherein the step of forming at 

least one barrier layer includes the steps of: 
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forming a ?rst barrier layer made of a nitride-based 
material on the contact holes; and 

forming a second barrier layer made of an oxide-based 
material on the ?rst barrier layer. 

3. The method of claim 2, Wherein the ?rst barrier layer 
and the second barrier layer are formed by employing a 
plasma enhanced chemical vapor deposition (PECVD) 
method. 

4. The method of claim 2, Wherein the ?rst barrier layer 
has a thickness ranging from approximately 20 A to approxi 
mately 150 

5. The method of claim 1, after the step of cleaning the 
contact holes, further including the step of forming a plu 
rality of plugs each electrically connected to the exposed 
substrate. 

6. The method of claim 5, Wherein the step of forming the 
plurality of plugs includes the steps of: 

forming a conductive material to be electrically connected 
With the exposed substrate; 

removing a portion of the conductive material by per 
forming an etch-back process; and 

forming the plurality of plugs. 
7. The method of claim 6, Wherein the step of forming the 

conductive material proceeds by employing a deposition 
method Which deposits the conductive material into the 
plurality of contact holes. 

8. The method of claim 6, Wherein the step of forming the 
conductive material proceeds by employing a selective 
epitaxial groWth method Which groWs the plug material from 
the exposed substrate. 

9. The method of claim 1, Wherein the photoresist pattern 
is a selected one of a T-type, a line type and a hole type. 
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10. The method of claim 1, Wherein the conductive 

structure is a pattern for forming a gate structure. 

11. The method of claim 1, Wherein the conductive 
structure is a pattern for forming a bit line structure. 

12. The method of claim 1, Wherein the conductive 
structure is a pattern for forming a metal Wire. 

13. The method of claim 1, Wherein the step of forming 
the plurality of contact holes proceeds by employing a self 
aligned etching process. 

14. The method of claim 1, Wherein the step of removing 
the etch stop layer proceeds by performing a blanket etch 
process. 

15. The method of claim 1, Wherein the ?oWable insula 
tion layer is a spin on glass (SOG) layer. 

16. The method of claim 1, Wherein the ?oWable insula 
tion layer is an advanced planariZation layer 

17. The method of claim 15, Wherein, if the ?oWable 
insulation layer is the SOG layer, the step of forming the 
?oWable insulation layer includes the steps of: 

forming the SOG layer; and 
curing the SOG layer. 
18. The method of claim 17, Wherein the curing proceeds 

at a temperature ranging from approximately 600° C. to 
approximately 700° C. for approximately 10 minutes to 
approximately 60 minutes in an atmosphere of a gas selected 
from a group consisting of Water (H2O), oxygen (O2), 
nitrogen (N2), hydrogen (H2) and dinitrogen oxide (N20). 


